presented the application of ACO to find optimal location and to fix rated values of SVC to optimize total power loss, thus improving voltage profile.

Abstract-One of the important tasks of a power system engineer is to run the system in safe and reliable mode for secure operation with increase in loading. So, it is significant to perform voltage stability analysis by optimal reactive power dispatch with Artificial Intelligence (AI) techniques. This paper presents the application of Ant Colony Optimization (ACO) and BAT algorithms for Optimal Reactive Power Dispatch (ORPD) to enhance voltage stability. The proposed ACO and BAT algorithms are used to find the optimal settings of Onload Tap 
I. INTRODUCTION
Improving voltage profile and maintaining voltage stability are challenging tasks for today's power system engineers for the complex power systems which are highly non-linear with the objective of maximization of voltage stability. Several conventional and artificial intelligence techniques are available and applied for enhancing voltage stability by optimal reactive power dispatch. With increase in load, the problem of voltage stability, voltage collapse are adversely affecting the power system operation and planning. In order to overcome the above problems, several methods have been considered by the researchers. Stott and J. L. Marinho [1] explained a linear programming method, which is fast, reliable for security constraint for controlling of large power systems under emergency. Eric Hobson [2] presented the use of linear programming in power system reactive power control. Mamandur and Chenoweth [3] have given a mathematical model of the optimal reactive power control problem which is used for minimizing the real power loss with linearized sensitivity between control and of ACO algorithm. Md.Alimul Ahsan, S. M. Rakiul Islam and Bashudeb Chandra Ghosh [22] applied different AI techniques to locate and size the FACTS devices. Radial Distribution System (RDS) is considered for lessening of real power loss and voltage profile improvement using BAT algorithm by optimizing position and sizing of distributed generation which is being demonstrated by Snigdha Rani Behera, Soumya Prakash Dash and B. K. Panigrahi [23] . K. Rayudu, G.Yesuratnam and A.Jayalaxmi [24] reported LP and GA methods of reducing power loss for a practical 24 -node system. This paper presents an application of ACO and BAT algorithms for optimal reactive power dispatch with an objective of voltage stability enhancement using fast decoupled load flow method. System parameters like power loss, L-index and voltage error for a practical equivalent Extra High Voltage Southern Region Indian 24 bus system is calculated. A comparative analysis is done for ACO and BAT algorithm with Linear Programming [1] for the objective function considered.
II. VOLTAGE STABILITY ANALYSIS USING L-INDEX METHOD
L -Index method [4] is used to measure voltage stability of a power system. Assume a system where, N = Total number of buses in the system. G = Total number of generator buses. S = Total number of SVC buses. T = Total number of OLTC transformers. The L-index is calculated from load flow analysis as,
where, j=G+1 to N. The values of (1) on the right hand side are complex values. The values of Fji can be obtained by the Ybus matrix [12] as given below 
where,
are the required values [7] . At the maximum power transfer condition, j L values for all load buses will be close to unity, giving information that power system is nearer to voltage instability and the voltage Stability margin is calculated as (1
III. MATHEMATICAL MODELING AND ANALYSIS OF REACTIVE POWER OPTIMIZATION PROBLEM
The proposed objective function for minimization of sum of the squares of the voltage stability L -indices of all the load buses is given by The objective function mentioned in (5) can be modeled in linearized form [11] for optimization as, minimize function 
The upper and lower limits on both the control and dependent variables in linearized form are expressed as
where max max min min A. Load Flow Equality Constraints Equality constraints at each node in the power system are active and reactive power functions, which are given by
In the above equations, Vi, Vj = voltage magnitudes at bus i and j. Gij, Bij = conductance and susceptance of the line i-j.
ij  = phase angle difference of voltage from bus i to j
B. Inequality Constraints
The inequality constraints exist for control variables as well as for dependent variables. The constraints for control variable and dependent variable are given as follows:
a. Control variable constraints
The maximum and minimum limits of the control variables are given by, min max
where, 
b. Dependent variable constraints
The dependent variable constraints are given by,
min max 
The equation for reactive Power output of the generators [14] , [15] is given as follows
V. CALCULATION OF SENSITIVITY MATRIX (S)
The total reactive power at all nodes in the entire power system can be changed, by changing tap settings of transformer, voltage magnitudes of all the buses in the system. The sensitivity matrix can be modeled as, 
By transferring control variables to the right hand side and dependent variables to the left hand side from (26), we obtain as
where ' S ' is sensitivity matrix which correlates control and dependent variables. 
Equation (28) can be modified as,
where cos( ) sin( )
FF are the real and imaginary parts of ji F .
In order to calculate the sensitivities of the objective function with respect to control variables, the sensitivity of the objective function s V with respect to injected real and reactive powers at all buses of the power system need to be calculated foremost, excluding swing bus which is given by, .. ..
By knowing the factors s
and (31), the Sensitivities like
can be calculated. From (30) and (31), the sensitivities of the objective function with respect to transformer tap setting and generator excitation voltages can be computed using the equations given by,
Sensitivity of objective function with respect to the excitation of the swing bus generator can be computed as, 
VII. PROPOSED APPROACH OF ACO ALGORITHM
ACO algorithm is inspired by the behaviour of the real ant colonies [13] . The following are the steps for ACO algorithm.
Step Step 03. Each ant selects the first node by generating random number based on uniform distribution, ranging from 1 to 100. Step 04. Ant 'k' applies a probabilistic transition rule in order to decide which node is to be visited next. The probabilistic transition rule is given as
where ij  is Pheromone trail deposited between path i and j. 1
is distance of the path between i and j.
Step 05. Renew the pheromone to the visited paths during the procedure. The amount of pheromones can be reorganized as,
where ij   is the incremental value of pheromone trail in the path. This local updating rule will shuffle the tours, so that the early nodes in the ant's tour may be explored later in other ant's tours.
Step 06. Check if Ant has visited all control variables or not. If not move to step 4 otherwise Step 7
Step 07. Compute the fitness value and select the best tour.
Step 08. Confirm for termination criteria, if yes go to Step 10, otherwise go to Step 03 after finishing Step 09.
Step 09. Apply global updating rule. Only one ant is allowed to update the amount of pheromone which determines the best fitness. If all ants complete their tours, update the pheromones by using equation 
B. Proposed approach using BAT algorithm
For the optimal reactive power dispatch in the power system for the improvement of voltage profile and enhancing voltage stability, the following steps are involved in the BAT algorithm
Step 01. Define objective function which is to be minimized.
Step 02. Initialize the bat population (
define pulse frequency (f), loudness (A) and emission rate (r) for each bat.
Step 03. Evaluate the initial fitness values and identify the best solution.
Step 04. Generate new solution by adjusting frequency using equation (40) for each bat.
Step 05. Update the velocity and position for each bat using equations (41) and (42).
Step 06. Evaluate the fitness value using new positions of the bats, and select the best solution.
Step 07. Is rand > emission rate (r) if Yes, select the solution among the best solutions and improve it using (43). If No, generate a new solution by flying randomly.
Step 08. Evaluate the fitness value and select the best solution.
Step 09. Is rand < loudness (A) and fitness is improved, if
Yes accept the new solution and reduce the loudness (A) and increase emission rate (r) by using (44) and (45). If No, rank the bats and find the current best x*.
Step 10. Check for termination criteria, if No go to step 4 otherwise go to Step 11.
Step 11. Print result and stop.
C. Computational procedure for the enhancement of voltage stability by optimal reactive power dispatch
Step 01. Read the system data for the proposed system. Step 02. Run the load flow to calculate system parameters using (21), (23) and (24).
Step 03. Compute the upper and lower limits of the dependent and control variables using (17), (18) and (19) .
Step 04. Compute the Sensitivity matrix (S) using equation (27).
Step 05. Calculate the objective function sensitivities (C) for the proposed objective function using equations (28) -(35).
Step 06. Solve the proposed linear optimization problem using upper bound LP technique and obtain the optimum changes in control settings.
Step 07. Perform the load flow with optimal settings of the control variables and evaluate the system parameters and generator reactive power output.
Step 08. Solve the proposed linear optimization problem by using ACO. Repeat step 7 with the obtained control settings using ACO.
Step 09. Similarly solve the same optimization problem /objective using BAT algorithm and obtain the optimal changes in the control settings.
Step 10. Repeat step 7 with the optimum control settings obtained from BAT algorithm.
Step 11. Now compare the system parameters obtained from Step 7, Step 9 and Step 11.
Step 12. Print result.
IX. COMPARATIVE ANALYSIS OF L.P, ACO AND BAT ALGORITHMS
Analysis of typical set of results for a 24-node network is presented for the objective s V for reactive power optimization. Table I gives the details of system size. Initially the control variable settings for transformer taps, excitation of all the generators and SVC's are 1.0, 1.0 and nil (0) respectively. Three optimization techniques like LP, ACO and BAT algorithms are applied to solve the optimal reactive power dispatch problem. The initial control settings before running the load flow for all control variables, the optimal control settings obtained from the different optimization algorithms for proposed objective are reported in Table II . This system has fifteen control variables. They are seven transformers, four generators and four shunt VAR compensator devices at different buses. Using these control settings, system parameters and reactive power output of different generators are obtained by running fast decoupled load flow. All control variables are considered as continuous variables. However, in practice for discrete controllers the nearest rounded setting can be used. The results reported in Table III clearly indicate the voltages like V8, V13 and V14 are the most critical buses of the proposed power system. decreases from initial value of 0.6306 to 0.4825 in LP, to 0.4302 in ACO and to 0.4072 in BAT algorithm. L-index value at V14 decreases from initial value of 0.5376 to 0.4149 in LP, to 0.3715 in ACO and to 0.3488 in BAT algorithm. From these results, it is obvious that there is a considerable improvement of L-Index value with the proposed ACO and BAT algorithms when compared with Conventional LP technique. Table VI , it is clear that the reactive power outputs of Generators, Q1, Q2, Q3 and Q4 for objective functions Vs are improved much better with ACO and BAT algorithms than compared to LP. The corresponding graph is shown in Fig.  4 . 
